Objectives: The dual pathway model explains neuro-psychological heterogeneity in Attention Deficit/Hyperactivity Disorder (ADHD) in terms of dissociable cognitive and motivational deficits each affecting some but not other patients. We explore whether deficits in temporal processing might constitute a third dissociable neuropsychological component of ADHD.
Neuropsychological studies of Attention Deficit/ Hyperactivity Disorder (ADHD) implicate a broad range of processes. 1 These include executive dysfunction ((EDF  2 ) e.g, inhibitory 3 and working memory (WM 4 ) deficits), non-executive deficits (e.g. perception 5 ; memory 6 ; timing 7 ) and alterations in motivational processes. 8 However,
even the most robust neuropsychological effects are only moderate in size (e.g. .3 to .6 Cohen's d; 2) and fall short of the level required for diagnosis. 9 For example, Nigg et al. 10 found only 30% of patients with deficits on at least three tasks in a large EF battery. This pattern of limited associations across distinct domains highlights the neuropsychological heterogeneity in ADHD. 11 The dual pathway model [12] [13] [14] explains this heterogeneity as two, more or less, independent patterns of deficit each affecting some ADHD patients: One grounded in dorsal fronto-striatal dysregulation mediated by inhibitory based EDF (I-EDF), the other underpinned by ventral fronto-striatal circuits and linked to altered signalling of delayed rewards, manifest as delay aversion (DAv 11, 15 ). Clinical and pre-clinical studies provide support for this model [16] [17] [18] [19] [20] (but see 21 ). However many patients appear unaffected by either DAv or I-EDF. 17 This paper is the first to explore whether temporal processing deficits (TPD) in ADHD represent a dissociable third neuropsychological 'pathway'. This is biologically plausible as MRI suggests that although TPD may share neural components (i.e., basal ganglia; 22, 23 ) with I-EDF and DAv, it is also distinctive in some ways (i.e., cerebellum 24 ). It is clinically plausible as ADHD children have shown TPD across a range of timing tasks. [25] [26] [27] [28] [29] [30] [31] Results on motor timing are less consistent. 29, [32] [33] [34] fMRI confirms alterations within key components of temporal processing circuits in ADHD. 35 ADHD has a complex causal structure with both genetic and environmental factors implicated. 36, 37, 10 Where they mediate genetic effects, neuropsychological deficits (i.e., endophenotypes 38, 39 ) will be correlated within families and levels of deficits in unaffected family members will be intermediate between their ADHD relatives and unrelated controls. Furthermore, if different endophenotypes mediate specific pathways these familial effects should 'breed true' -e.g., siblings of ADHD children with I-EDF should also show I-EDF. Evidence of familial correlation and co-segregation has been reported for I-EDF 40,41 , TPD 28, 42, 43 and DAv. 15 Here we explore this further.
We adopted a multivariate methodology with three tasks chosen for each neuropsychological domain to improve measurement reliability and allow the underlying latent structure of neuropsychological deficits to be explored. 47 (but see 48 ).
We predicted; (a) that neuropsychological domain will form independent principal components; (b) significant case-control differences in each domain; (c) subgroups of ADHD individuals affected by only one deficit; (d) domain specific familial effects -neuropsychological deficits will breed true and; (e) neuropsychological domains will show distinctive patterns of associations in terms of: IQ and oppositional defiant disorder (ODD). Literacy was included because of the possibility of a common role for the cerebellum in reading disorder and ADHD in children with TPD 49 (but see 50 ). and the inter-trial interval was 1000 ms. Participants were instructed to press the left button on a response box if they thought the first tone was longer and the right button of a response box if they thought the second tone was longer. An up-down-transformedresponse adaptive procedure was used to track 80% accuracy. 59 The procedure stopped after 6 reversals of direction. The average of the last 5 reversal values was the dependent measure. In each block the ally spaceship was visible for the first 10 trials and for the remaining 16 trials participants were asked to press a button to anticipate when it would arrive (i.e., 400 or 2000ms). The participant was given feedback after every trial. The mean percentage of total early responses (i.e., made before the ally arrived) was the dependent measure.
Methods

Participants
Other measures
Working memory: Forward and backward digit span subscales from the WISC-III 60 were administered. The level at which the participant failed to correctly repeat numbers on two consecutive trials at one level of difficulty was the dependent measure.
IQ: The vocabulary and block design subtests from the WISC-III 61 were used to estimate full scale IQ.
62
Reading: The TOWRE test of word reading efficiency 61 was administered. The combined score from the two sub-scales (sight word efficiency and phonetic decoding efficiency) was used as a reading ability index.
Procedure
Children with ADHD were off-medication at least 48 hours before testing. Probands 
Analytical strategy (i)
Principal components factor analysis was used to examine the structure of associations between the tasks. We chose an exploratory over a confirmatory approach because this was the first analysis of its kind in the literature. To maximize statistical power and allow a common metric by which controls, probands and siblings could be compared all participants were included. Given the correlation between age and performance (8 out of 9 were significant; r > -.24), test scores were age-adjusted using standard regression procedures.
(ii) Factor scores (item to factor loadings as weightings) were calculated and used to estimate case-control differences using ANOVA. We checked whether case-control differences were due to group differences in IQ and ODD.
(iii) The number of ADHD patients (including affected siblings) with a deficit in each of the neuropsychological domains identified in the factor analysis was calculated using cut-offs based on the lowest 10 percent of scores in the control group (11) . We then examined the frequency with which individuals showed one and not another types of deficit.
(iv) The association between these neuropsychological groupings in the ADHD and comorbid psychiatric problems, IQ and literacy was examined using multiple regression.
(v) Familiality was examined through inter-sibling correlations and comparisons of; (i) probands, unaffected siblings and controls and (ii) unaffected siblings of probands with and without domain specific deficit.
Insert Table 2 and Table 3 Our findings challenge the delay aversion model 70 in which delay-related processes in ADHD are seen as a single overarching construct. In fact, in the present study, two components were found. The first associated with negative performance in the face of imposed delay (i.e., DRT and DeFT), including time anticipation. The second was associated with performance that depended on a commitment to wait for a desired outcome or persist in a task even when this was not imposed (e.g., MIDA and working memory). Clearly much more work is required to establish these as separate components. Our prior analysis of performance on the "DAv" tasks 44 supported a DAv single factor consisting of loosely associated test scores. When set alongside tasks tapping other domains, it becomes clear that the situation is more complex than originally thought.
The current study had a number of limitations. First, the sample used was small for the examination of sub-groups and in future much larger studies using measures from multiple domains are required to replicate these findings. The current analysis should be seen as exploratory and illustrative. Second, measurement of working memory and intelligence was limited.
From a clinical perspective highlighting the neuropsychological heterogeneity of ADHD encourages us to explore; (i) the possibility of the existence of neuropsychological subtypes and (ii) the significance of specific neuropsychological deficits as both moderators of treatment effects and novel putative treatment targets.
In terms of (i), assuming they can be replicated in larger samples and validated using clinical outcomes the current results would provide some support for the establishment of neuropsychological sub-types in ADHD with distinctions drawn between, for instance, Inhibitory and Timing ADHD subtypes. In terms of (ii), recent studies suggest that cognitive training on executive tasks may have efficacy as a treatment for ADHD. 71 The current results highlight the possibility that such training will be more effective if it is targeted and tailored for children with problems in the executive domain (e.g., I-EDF), while training that strengthens temporal processing or delay-related functions might be more effective for patients with these types of deficits. .007 Note: DN = Delay Negative; DP = Delay Positive; S.D. = Standard Deviation; 1 = Proband; 2 = Sibling; 3 = Control * = p < .05; ** = p < .01; *** = p < .001 a > indicates that the group(s) on the left of the symbol had worse performance 
